Several methods for the isolation of RNA use guanidinium solutions for cell lysis to provide optimal protection from ribonucleases (2,4). It is sometimes necessary, however, that both RNA and DNA be harvested from the same tissue sample. Separation of RNA and DNA from guanidinium isothiocyanate (GITC) lysates has been achieved by cesium chloride ultracentrifugation (2,7) or by acidic phenol extraction followed by recovery of DNA from the phenol phase (1,3,6). We present an alternative method using sodium acetate precipitation. Selective precipitation of RNA using sodium acetate or lithium chloride has been previously used for RNA isolation (5,8), but we demonstrate that high-quality DNA can be obtained simultaneously.
Simultaneous Purification of RNA and DNA from Liver Using Sodium Acetate Precipitation
BioTechniques 24: [416] [417] [418] (March 1998) Several methods for the isolation of RNA use guanidinium solutions for cell lysis to provide optimal protection from ribonucleases (2, 4) . It is sometimes necessary, however, that both RNA and DNA be harvested from the same tissue sample. Separation of RNA and DNA from guanidinium isothiocyanate (GITC) lysates has been achieved by cesium chloride ultracentrifugation (2, 7) or by acidic phenol extraction followed by recovery of DNA from the phenol phase (1, 3, 6) . We present an alternative method using sodium acetate precipitation. Selective precipitation of RNA using sodium acetate or lithium chloride has been previously used for RNA isolation (5, 8 ), but we demonstrate that high-quality DNA can be obtained simultaneously.
Mouse liver tissue samples were homogenized on ice in GITC solution (4 M GITC, 50 mM Tris-HCl, pH 7.5, 10 mM EDTA, 0.5% sodium lauroyl sarcosinate, 1% β -mercaptoethanol). The homogenization volume was 2-4 mL/ 100 mg tissue. A motor-driven Teflon ® pestle with a tight-fitting glass vessel was used at low speed ( ≤ 300 rpm) to homogenize the tissue with minimal shearing of the DNA. The homogenate was extracted twice with an equal volume of buffered phenol/chloroform/isoamyl alcohol (25:24:1; buffer with TrisHCl to pH 8.2; Life Technologies, Gaithersburg, MD, USA) and once with an equal volume of chloroform/isoamyl alcohol (24:1), mixing gently by inversion. After the final extraction, 3 vol of 4 M sodium acetate (pH 7.0) were added to the aqueous layer. The sample was mixed gently, stored on ice at 4°C overnight and centrifuged at 0°C for 30 min at 5000 × g . The supernatant (containing DNA) was decanted into a polypropylene tube and set aside while the RNA pellet was processed, and GITC solution was added immediately to the RNA pellet (2 mL/100 mg tissue).
In samples with very little RNA, components of the GITC tissue homogenate can interfere with salt precipitation of the RNA (5). Therefore, for tissue samples <50 mg, the method was modified to include an ethanol precipitation just prior to the sodium acetate precipitation step: 0.1 vol of 3 M sodium acetate and 2 vol of ethanol were added, the sample was centrifuged for 5 416BioTechniques Vol 6) by the sodium acetate precipitation method, and 1-µ g aliquots were run on a 0.8% agarose gel and stained with ethidium bromide. Hin dIII-cleaved λ DNA (M) was used as a size marker.
min at 3000 ×g , and the pellet was rinsed with 70% ethanol and resuspended in 20 mM EDTA. If a pellet did not resuspend readily, the solution was removed, and fresh 20 mM EDTA was added to the pellet. The individual EDTA portions were pooled after resuspension. After resuspension, 3 vol of 4 M sodium acetate (pH 7.0) were added, and the sample was processed as described above for larger samples. The RNA pellet was resuspended in GITC solution by vortex mixing and then purified essentially as described by Chomczynski and Sacchi (4). Briefly, 1/15 vol of 3 M sodium acetate (pH 5.2), 1.0 vol H 2 O-saturated phenol and 0.2 vol of chloroform/isoamyl alcohol (24:1) were added, and the sample was mixed vigorously, incubated on ice for 10 min and centrifuged for 5 min at 5000 ×g . We found that using sodium acetate at pH 5.2 rather than at the recommended pH 4.0 produced better phase separation after centrifugation and better yields of RNA. The RNA was then precipitated with 1 vol of isopropanol, resuspended in GITC solution (1 mL/100 mg), re-precipitated with isopropanol, washed 3 times with 70% ethanol and resuspended in 0.5% sodium dodecyl sulfate (0.5 mL/100 mg tissue, warming at 50°C if necessary). RNA was quantitated by spectrophotometry and stored at -20°C.
DNA was precipitated from the sodium acetate/GITC solution by the addition of 1 vol of isopropanol followed by centrifugation for 5 min at 3000 × g . The pellet was rinsed with 70% ethanol, recentrifuged and resuspended in 20 mM EDTA (2 mL/100 mg tissue) by rocking at 37°C. If a pellet did not resuspend readily, the solution was removed and fresh 20 mM EDTA solution was added to the pellet; the individual EDTA portions were pooled after resuspension. After resuspension, 1/200 vol of 10 mg/mL RNase (Catalog No. R6513; Sigma Chemical, St. Louis, MO, USA) and 1/100 vol of 10 mg/mL α -amylase (type IIA from Bacillus spp.; Sigma Chemical, St. Louis, MO, USA) were added, and the sample was incubated at 37°C for 1 h. α -Amylase is used to digest polysaccharides in liver tissue but is not needed for other tissue types and could be avoided for liver if animals were fasted overnight prior to necropsy. After the RNase/amylase digestion, 1/50 vol of 15 mg/mL proteinase K was added. The samples were incubated at 50°C for ≥ 1 h, chilled on ice and then extracted once with an equal volume of buffered (pH 8.2) phenol/chloroform/ isoamyl alcohol (25:24:1) and once with an equal volume of chloroform/isoamyl alcohol (24:1), mixing gently by inversion. The DNA was then precipitated with 1/10 vol of 3 M sodium acetate plus 2 vol of ethanol, centrifuged at 3000 ×gfor 5 min, rinsed with 70% ethanol and resuspended in 10 mM TrisHCl, pH 7.5, 1 mM EDTA (1 mL/100 mg tissue). One sample was handled at a time to prevent drying of the pellets. The DNA was resuspended by rocking overnight at 37°C, quantitated by spectrophotometry and stored at 4°C.
We obtained average yields of 1-2 µ g of DNA and 4-6 µ g of RNA per milligram of liver. The RNA and DNA preparations had absorbance A 260 / A 280 >1.8 and >2.0, respectively, indicating a lack of significant protein contamination. Agarose gel analysis showed no significant cross-contamination in the final preparations of RNA and DNA. RNA samples exhibited clearly defined bands of 28S and 18S rRNA in ethidium bromide-stained agarose/formaldehyde gels ( Figure 1A ). Genomic DNA samples migrated as distinct, high-molecular-weight bands in a 0.8% agarose gel ( Figure 1B ) and, when analyzed by pulsed-field gel electrophoresis (PFGE), had an average size of approximately 60-80 kb (Figure 2) . RNA samples produced strong, distinct signals in Northern blot analyses, and DNA samples produced excellent results in Southern analyses (not shown). The DNA routinely produced specific products following PCR amplification (not shown). We have used this method to purify RNA and DNA from about two hundred normal liver or liver tumor samples with consistently good results. These samples varied in size from about 10 to over 400 mg, indicating that the method can be easily scaled up or down to adjust for sample size. While liver was used in the present study, the method should be generally applicable to other tissues, although the volumes per milligram tissue may need to be adjusted.
